Introduction {#s1}
============

Positive affect: phenotypic and etiologic associations with prosocial behaviors and internalizing problems in toddler twins
---------------------------------------------------------------------------------------------------------------------------

Temperamental traits may predispose individuals to develop social competency, such as prosocial behaviors (Yagmurlu and Sanson, [@B55]); or psychopathology, such as internalizing problems (Nigg, [@B45]). Much of this research has focused on negative emotionality. In contrast, positive affect has been less explored in literature, although research has confirmed the independence of positive affect from negative affect (Putnam and Stifter, [@B48]). From a perspective of Positive Psychology, positive affect is of importance to promote favorable developmental outcomes, and prevent and alleviate psychological problems (Carr, [@B6]). Research has shown that positive affect is associated with prosocial behaviors (e.g., Lennon and Eisenberg, [@B40]) and fewer internalizing problems (e.g., Conway and McDonough, [@B9]; Zhou et al., [@B58]); however, there is a paucity of work that examines the genetic/environmental influences underlying these associations.

### Positive affect: definition and etiology

Temperamental positive affect (PA) refers to a biologically based proneness to experience positive emotions (Watson and Naragon, [@B53])[^1^](#fn0001){ref-type="fn"}. Children with higher levels of PA are more inclined to experience and express cheerful emotions. PA is not simply equivalent to low negative affect (NA). PA has a connection with extraversion, whereas NA is linked with neuroticism in adults (Carr, [@B6]). Moreover, PA is different from NA evolutionarily and neurologically. From an evolutionary perspective, PA and NA are thought to be associated with different behavioral systems to carry out distinct evolutionary tasks (Watson and Naragon, [@B53]). Specifically, PA is strongly connected with the approach-oriented Behavioral Facilitation System that orientates individuals to experience pleasure and reward. In contrast, passive NA is closely tied to the withdrawal-oriented Behavioral Inhibition System that helps people to avoid undesirable outcomes. Research generally supports this, although some studies indicate that non-passive NA, such as anger and frustration, are related to the approach system (Rydell et al., [@B48a]). Neurologically, research has suggested differential lateralization for processing positive and negative emotions (Davidson, [@B12]). Young infants display more brain activation in the left prefrontal cortex (PFC) when processing positive emotions, whereas the right PFC is more active when they process negative emotions (Fox and Davidson, [@B21]). This hemispheric specialization also has been suggested in adults (Davidson, [@B11]).

Both genetic and environmental factors influence individual differences in PA of both children (Goldsmith et al., [@B26]) and adults (Jang et al., [@B29]; Eid et al., [@B16]). Although shared environmental effects account for a moderate amount of the variation in PA in childhood (Goldsmith et al., [@B25], [@B26]; Volbrecht et al., [@B51]), they have not been indicated in adulthood (Jang et al., [@B29]; Eid et al., [@B16]). This inconsistent finding may be attributed to age differences. Twins in childhood spend most of their time with their family, and shared family experiences contribute to the twin resemblances in PA; however, as they become adults and spend less time within the same environment, the environmental effects common to twins play a smaller role on PA.

### Positive affect and prosocial behaviors

Prosocial behaviors refer to voluntary behaviors that can benefit others (Eisenberg and Fabes, [@B17]), and include helping, sharing, comforting, cooperating, donating, being fair and volunteering (Zahn-Waxler and Smith, [@B56]; Dunfield et al., [@B15]). These behaviors are motivated by empathy, an emotional reaction that enables people to understand and share the feelings of others (Spinrad and Eisenberg, [@B50]) and play an important role in the development of social and academic competence (Eisenberg et al., [@B18]; Spinrad and Eisenberg, [@B50]). For example, kindergarteners with higher levels of prosocial behaviors tend to have more mutual friendships and higher levels of peer acceptance, and subsequently have better classroom participation and school achievement (Ladd et al., [@B38]). The explanations for individual differences in prosocial behaviors could be social, evolutionary or biological. Social and situational factors that can influence prosocial behaviors include the interpretation of others\' needs, the relationship to others, the reciprocal altruism, the number of bystanders, the normative pressure to help, and the evaluation of the cost to help (Batson, [@B1]). Evolutionally, biological relatedness and group selection are also possible factors explaining the prosocial behaviors (Eisenberg and Fabes, [@B17]). People are more likely to help genetically related individuals, which increases the likelihood of passing the same genes carried by the individuals. In addition, prosocial behaviors among group members may promote the survival of the group. Biological factors also play a role in prosocial behaviors. Brain areas involved in emotional systems such as amygdala and frontal cortex and the level of opioids in brain are related to prosocial behaviors (Eisenberg et al., [@B19]). Additionally, as is the case with PA, behavioral genetic studies have shown that individual differences in prosocial behaviors are attributed to genetic, shared environment, and non-shared environmental factors (Scourfield et al., [@B49]; Knafo and Plomin, [@B34]).

Prosocial behaviors have been linked to PA. Higher levels of PA lead to more sharing behaviors in children (Lennon and Eisenberg, [@B40]). Prosocial attitudes and behaviors in older adults predict their PA 3 years later after controlling for demographic characteristics (Kahana et al., [@B30]). The association between prosocial behaviors and PA might be mediated by the sense of self-efficacy. Prosocial behaviors could enable people to have a more positive view of themselves and enhance their self-efficacy, thus fostering PA (Fazio, [@B20]). PA, in turn, may increase people\'s sense of self-efficacy by yielding an optimistic view of their own abilities and resources to help people and then act out in a more prosocial manner (Cialdini et al., [@B7]). Although previous studies have focused on the link between prosocial behaviors and PA, relatively little is known about the genetic and environmental factors that underlie the association. An exception is the finding that the association between one aspect of prosocial behaviors, helping, and PA in early childhood is explained by both shared and non-shared environmental factors (Volbrecht et al., [@B51]). However, prosocial behaviors encompass a constellation of behaviors beyond helping, thus highlighting the need for research using a more comprehensive measure of prosociability which can provide a fuller understanding of the association between the two domains.

### Positive affect and internalizing problems

There is also evidence of a negative relation between PA and internalizing problems in adolescence and adulthood, but findings for childhood are inconsistent. Lower levels of PA are associated with depression in adolescents (Phillips et al., [@B47]) and with more anxiety and depressive symptoms in adults (Kashdan, [@B31]; Naragon-Gainey et al., [@B44]). The relation of PA to internalizing problems is more complex in childhood. On one hand, higher PA (i.e., lower latencies to express positive emotions following challenge) is linked with fewer internalizing problems in early childhood (Conway and McDonough, [@B9]). Additionally, cross-cultural research has demonstrated that, in middle to late childhood, children with lower levels of PA (i.e., displaying positive emotions less frequently) have more internalizing problems in both China and the US (Zhou et al., [@B58]). On the other hand, children\'s intensity of positive emotions is not significantly related to internalizing problems at age 2 years (Putnam and Stifter, [@B48]). Accordingly, it seems that different indices of PA (latency, frequency, and intensity) may lead to different patterns of the relation between PA and internalizing problems.

Although previous studies have largely suggested a negative association between PA and internalizing problems, once again, relatively little is known about the underlying mechanisms of the association. The difficulties in the regulation of positive emotions may play a role in the psychopathology of mood and anxiety disorders (Weiss et al., [@B54]). Individuals with mood or anxiety disorders display maladaptive or inefficient regulation of positive emotions, specifically, giving inappropriate interpretation to and avoiding positive emotional states (Gilbert, [@B23]). The link between PA and internalizing problems might be mediated by executive functioning. Preschoolers with low levels of positive emotionality have been found to have problems with shifting attention (i.e., a domain of executive functioning), and those with shifting problems may be stubborn and inflexible in life and thus less likely to engage with environment and more likely to develop withdrawn problems (Ghassabian et al., [@B22]). Individual differences in internalizing problems have been attributed to genetic, shared, and non-shared environmental effects (Nikolas et al., [@B46]), which raises the question as to the extent to which its association with PA is genetically and/or environmentally mediated.

### Prosocial behaviors and internalizing problems

Given that high PA is related to more prosocial behaviors and fewer internalizing problems, it is reasonable to expect a negative association between prosocial behaviors and internalizing problems and that this association may be mediated by PA. While prosocial behaviors have, in general, been linked to better mental health outcomes, the association between prosocial behaviors and internalizing problems is complex. Some research has found no significant association between prosocial behaviors and internalizing problems in children (Hay and Pawlby, [@B27]), whereas others looking at subgroups of children find that higher levels of prosocial behaviors is associated with both higher or lower levels of anxiety and depression from toddlerhood to late childhood (Nantel-Vivier et al., [@B43]). It has been proposed that the inconsistency within and across studies might reflect an optimum level of prosocial behavior, that is neither too high nor too low, is predictive of mental health in these domains. Moreover, factors such as parenting, age, and gender have been found to moderate the association between prosocial behaviors and internalizing problems (e.g., Gjerde and Block, [@B24]; Cáceda et al., [@B4]; Zarra-Nezhad et al., [@B57]). It has also been proposed that child temperament may play a role but this has not been examined (Nantel-Vivier et al., [@B43]).

Although investigation of potential moderators of the link between prosocial behaviors and internalizing problems are beyond the scope of the current study, our use of a genetically informative design elucidates the genetic and environmental mechanisms underlying the association. As mentioned earlier, both prosocial behaviors and internalizing problems are influenced by genetic and environmental factors, hence we hypothesized that the association between prosocial behaviors and internalizing problems would also be mediated by mutual genetic and/or environmental factors.

The current study moves beyond the prior emphasis on negative affect to elucidate the significance of PA on prosocial behaviors and internalizing problems in early childhood by examining the genetic/environmental etiology underlying these relations. By the end of toddlerhood, children are starting to experience more social interactions with parents and peers, display PA socially with increasing awareness of the meaning of PA of themselves and others (Messinger, [@B42]). At the same time, children in the transition from infancy to preschool begin to display empathetic concern and prosocial behavior with the development of understanding other people\'s perspectives (Eisenberg et al., [@B19]). Even at this young age, children with certain characteristics in temperament, such as lack of PA, may be at higher risk for internalizing problems (Campbell, [@B5]). Understanding how PA is tied to other facets of child behavior can enrich current knowledge of how emotionality more generally (i.e., not only negative affect) contributes to developmental outcomes. Such an understanding may serve to inform strategies of prevention and intervention.

Method {#s2}
======

Sample
------

The Boston University Twin Project sample was recruited from birth records supplied by the Massachusetts Registry of Vital Records. All procedures were approved by the Boston University Institutional Review Board. As is standard for twin research, twins were selected preferentially for higher birth weight and gestational age. No twins with birth weights less than 1750 g or with gestational ages less than 34 weeks were included in the study. The sample included 304 same-sex twin pairs (140 Monozygotic and 164 Dizygotic; mean age = 2.99 years, *SD* = 0.08). Ethnicity was generally representative of the Massachusetts population (85.4% Caucasian, 3.2% Black, 2% Asian, 7.3% Mixed, 2.2% Other). Socioeconomic status according to the Hollingshead Four Factor Index (1975) ranged from low to upper middle class (range = 20.5--66; *M* = 50.9, *SD* = 14.1). Zygosity was determined via DNA analyses using DNA obtained from cheek swab samples. In the cases where DNA was not available (*n* = 3), zygosity was determined using parents\' responses on physical similarity questionnaires which have been shown to be more than 95% accurate when compared to DNA markers (Price et al., [@B47a]). After obtaining informed consent, parents (94% mothers) completed questionnaires (see below) regarding child temperament and behavior problems.

Measures
--------

### Positive affect (PA)

PA was assessed on the Pleasure subscale from the Toddler Behavior Assessment Questionnaire (Goldsmith, [@B26a]). This subscale consists of 10 questions regarding the child\'s frequency of smiling, laughing, or squealing with joy in specific situations (e.g., playing with favorite toys). Parents (94% mothers) indicated on a 7-point scale how frequently the child demonstrated the behavior during the previous month (1 = "*Never*" to 7 = "*Always*"). In our sample, internal consistency as indicated by Cronbach\'s alpha was 0.75.

### Prosocial behaviors

Prosocial behaviors were assessed using the prosocial subscale of the Revised Rutter Parent Scale for Preschool Children (Hogg et al., [@B28a]). This subscale consists of 11 items and evaluates a variety of prosocial behaviors including fairness, empathy, volunteering, helping, kindness, comforting, cooperating, resolving conflicts, and sharing (e.g., "tries to be fair in games," "helps other children who are feeling ill," "shares out treats with friends"). Parents were asked to indicate on a 3-point scale (0 = "*not true*"; 1 = "*somewhat true*"; 2 = "*definitely true*") how well each item described the child\'s behavior in the past 6 months. The prosocial subscale showed good internal consistency in our sample (α = 0.81).

### Internalizing problems

Internalizing problems were assessed using the Child Behavior Checklist for ages 1.5--5 (CBCL/1.5--5; Achenbach, [@B1a]). The internalizing problems subscale consists of 36 items assessing 4 behavioral syndromes (i.e., Anxious/Depressed, Emotionally Reactive, Somatic Complaints, and Withdrawn). Parents were asked to indicate on a 3-point scale how well each item described their children\'s behavior within the past 2 months (0 = "*not true of their child*," 1 = "*somewhat or sometimes true*," 2 = "*very true or often true*"). The possible range for internalizing problems was 0--72. In our sample scores ranged from 0 to 33. The internal consistency for the internalizing problems subscale in our sample was 0.84.

Statistical analyses
--------------------

### Data transformations

Internalizing problem scores were positively skewed and were normalized using the BLOM transformation in the SAS RANK procedure. Because twin correlations can be inflated by variance due to gender, all three scores were residualized for gender effects (McGue and Bouchard, [@B41a]). These residualized scores were used in all behavioral genetic analyses.

### Correlational analyses

Twin intraclass correlations were calculated as indices of indicating co-twin similarity. When MZ twins are more similar than DZ twins, genetic influences are indicated. When the DZ intraclass correlation exceeds one-half the MZ correlation, shared environmental effects are suggested. To evaluate genetic and environmental contributions to the phenotypic correlation between variables, cross-twin cross-variable correlations were calculated. For example, for the association between positive affect and internalizing problems, the cross correlation involved correlating the score of Twin A for positive affect with score of Twin B for internalizing problems, and vice versa. Cross correlations are the essence of a multivariate analysis of covariance. Genetic contributions to the covariance between variables are indicated when the MZ cross correlation is greater than the DZ cross correlation. If the DZ cross correlation is greater than one-half the MZ cross correlation, shared environmental effects may influence the association between phenotypes.

### Model-fitting analyses

A trivariate correlated factors model was used to examine the extent to which genetic (A), shared environmental (C), and non-shared environmental (E) factors accounted for the variances of PA, prosocial behaviors, and internalizing problems, and the covariances between variables (see Figure [1](#F1){ref-type="fig"}). The latent factors A1, C1, and E1 refer to the genetic (additive), shared, and non-shared environmental influences on PA; A2, C2, and E2 to the genetic and environmental influences on prosocial behaviors; A3, C3, and E3 to the genetic and environmental influences on internalizing problems. The path coefficients, *h, c*, and *e*, are standardized partial regressions indicating the relative influence of the latent factors on the phenotypes. The square of these path coefficients estimates the genetic and environmental variances for each phenotype. Of particular interest in this model are the estimated parameters *r~g~, r~c~*, and *r~e~* (i.e., the genetic, shared environmental, and non-shared environmental correlations, respectively, between phenotypes). The genetic correlation indicates the extent to which genetic effects on one phenotype correlates with genetic effects on another, *independent of the heritability of each phenotype*. The genetic factors that influence two phenotypes can covary perfectly even though the genetic effects on each phenotype contribute only slightly to the phenotypic variance. Thus, *r~g~* can be 1.0 even though the genetic contribution to the phenotypic correlation is only modest if the heritability of each phenotype is modest and the same genetic effects operate on each phenotype. Conversely, two phenotypes may be substantially heritable, but the genetic correlation would be zero if the genetic effects on the two phenotypes do not overlap. Similar logic applies to *r~c~* and *r~e~*.

![**Trivariate Correlated Factors Model**. The full model includes additive genetic (A), shared environmental (C), and non-shared environmental (E) factors. The path coefficients, *h, c*, and *e*, are standardized partial regression coefficients indicating the relative influence of the latent factors on the phenotypes. *r~g~, r~c~*, and *r~e~* represent the genetic, shared-environmental, and non-shared environmental correlations, respectively.](fpsyg-06-00416-g0001){#F1}

In addition to the full model, several reduced models with specific correlation paths fixed to zero were also tested. Models were fit to raw data using a maximum likelihood pedigree approach implemented in Mx structural equation modeling software (Neale et al., [@B45a]). This approach allows the inclusion of participants with incomplete data. The overall fit of a model can be assessed by calculating twice the difference between the negative log-likelihood (-2LL) of the model and that of a saturated model (i.e., a model in which the variance/covariance structure is not estimated and all variances and covariances for MZ and DZ twins are estimated). The difference in -2LL is asymptotically distributed as χ^2^ with degrees of freedom equal to the difference in the number of parameters in the full model and that in the saturated model. In addition, a standard fit index, Akakie\'s information criterion (AIC; AIC = Δχ^2^ −2^\*^Δ*df*) was used to assess models\' fits (Neale and Cardon, [@B80]). Negative AIC values indicate good fit of the model to the observed data, and the model that minimizes AIC is a better-fitting model (Akaike, [@B2a]). Because the reduced models were nested in the full model, the *relative* fit of the reduced model was determined by the χ^2^ difference (Δχ^2^) between full model and the reduced model, and corresponding change in degrees of freedom (Δ*df*). A significant Δχ^2^ indicates that the parameter not included in the reduced model could not be dropped without a significant decrement in fit and is therefore, significant.

Results {#s3}
=======

Descriptive statistics
----------------------

Means and standard deviations of PA, prosocial behaviors, and internalizing problems by gender and zygosity are presented in Table [1](#T1){ref-type="table"}. We evaluated mean differences for gender and twin type using generalized estimating equations (GEE) implemented in the SAS GENMOD procedure to account for dependence in the data due to the fact that our sample comprised pairs of twins. GEE are an extension of the standard generalized linear models that allow modeling of correlated data (Liang and Zeger, [@B40a]; Zeger and Liang, [@B58a]). For all three variables, the main effects of gender and zygosity, and the gender × zygosity interactions were non-significant.

###### 

**Untransformed means (SD) at age 3 by sex and zygosity**.

  **Age**                  **Males**      **Females**    **Effect**                                                          
  ------------------------ -------------- -------------- -------------- -------------- ------- ------ ------- ------ ------- ------
  Positive affect          55.84 (6.76)   56.40 (7.35)   56.41 (6.40)   55.70 (7.33)   0.79    0.43   0.79    0.43   −0.86   0.39
  *n*                      133            175            133            141                                                  
  Prosocial behaviors      14.69 (3.57)   15.17 (3.74)   15.64 (3.53)   15.82 (3.77)   1.02    0.31   0.66    0.51   −0.39   0.69
  *n*                      136            175            133            146                                                  
  Internalizing problems   5.92 (4.99)    7.00 (6.11)    5.18 (4.34)    7.44 (5.44)    −1.13   0.26   −0.05   0.96   1.08    0.28
  *n*                      139            174            134            145                                                  

Correlations
------------

PA correlated positively with prosocial behaviors (*r* = 0.29, *p* \< 0.001) and negatively with internalizing problems (*r* = −0.28, *p* \< 0.001). Prosocial behaviors and internalizing problems were negatively related (*r* = −0.14, *p* \< 0.05). Twin intraclass correlations and cross-twin cross-variable correlations are presented in Table [2](#T2){ref-type="table"}. For all three variables, the intraclass correlations for MZ twins exceeded those for DZ twins, suggesting genetic influences. In addition, the DZ correlations exceeded one-half the MZ correlation, suggesting that shared environmental effects also influence the three domains. For the relations of PA to the other two phenotypes, the MZ and DZ cross correlations were similar in magnitude and hint that shared environmental effects may contribute to the associations between PA and the other two phenotypes. For the association between prosocial behaviors and internalizing problems, the cross correlation for MZ twins was higher than that for DZ twins, suggesting that genetic effects may influence the phenotypic association, which can be tested by more powerful multivariate genetic model-fitting analyses.

###### 

**Twin intraclass correlations and cross-twin cross-variable correlations**.

  **Correlations**                              **MZ twins**                              **DZ twins**
  --------------------------------------------- ----------------------------------------- -----------------------------------------
  **INTRACLASS CORRELATIONS**                                                             
  Positive affect                               0.69[^\*\*^](#TN1){ref-type="table-fn"}   0.62[^\*\*^](#TN1){ref-type="table-fn"}
  Prosocial behaviors                           0.65[^\*\*^](#TN1){ref-type="table-fn"}   0.44[^\*\*^](#TN1){ref-type="table-fn"}
  Internalizing problems                        0.73[^\*\*^](#TN1){ref-type="table-fn"}   0.53[^\*\*^](#TN1){ref-type="table-fn"}
  **CROSS-TWIN CROSS-VARIABLE CORRELATIONS**                                              
  Positive affect--Prosocial behaviors          0.22[^\*^](#TN2){ref-type="table-fn"}     0.22[^\*^](#TN2){ref-type="table-fn"}
  Positive affect--Internalizing problems       −0.18[^\*^](#TN2){ref-type="table-fn"}    −0.22[^\*^](#TN2){ref-type="table-fn"}
  Prosocial behaviors--Internalizing problems   −0.13[^\*^](#TN2){ref-type="table-fn"}    −0.04

*p* \< 0.01;

*p \< 0.05*.

Model-fitting analyses
----------------------

Table [3](#T3){ref-type="table"} presents the fit statistics for the model-fitting analyses. To determine sources of the covariance, models were fit where each type of the sources (i.e., genetic, shared or non-shared environmental correlation) was individually constrained to zero. A significant change in χ^2^ indicated that the parameter contributed significantly to the covariance and could not be dropped from the model. For the association between PA and prosocial behaviors, dropping the genetic correlation (*r~g1~*) did not cause a significant change in χ^2^ (*p* = 0.909); however, neither the shared (*r~c1~*) nor the non-shared environmental (*r~e1~*) correlation could be set to zero (*p* = 0.011, 0.012, respectively). Thus, environmental factors contribute to the association between PA and prosocial behaviors. For the association between PA and internalizing problems, it was possible to drop any one of the three sources of the covariance without a significant change in fit, but it was not possible to drop all three sources simultaneously (*p* = 0.000). Given that the model with no genetic correlation (*r~g2~*) yielded the smallest change in χ^2^ and the lowest AIC (−31.356), this model seems more plausible. After *r~g2~* was dropped, shared, and non-shared correlations become significant. For the association between prosocial behaviors and internalizing problems, dropping the genetic correlation (*r~g1~*) lead to a significant decrement in fit (*p* = 0.013), whereas the shared (*r~c3~*) or non-shared environmental (*r~e3~*) correlations could be dropped without significant change in fit (*p* = 0.367, 0.975, respectively). Taken together, the most parsimonious model is the one without *r~g1~, r~g2~, r~c3~*, and *r~e3~*, which fit data best (AIC = −36.632, *p* = 0.636).

###### 

**Fit statistics for models**.

                                             **Overall fit of model[^a^](#TN3){ref-type="table-fn"}**   **Relative fit of model[^b^](#TN4){ref-type="table-fn"}**                                                                       
  ------------------------------------------ ---------------------------------------------------------- ----------------------------------------------------------- ------------ -------- ----------- ------------- ----------- ------- -----------
  Saturated model                            8232.326                                                   1710                                                                                                                            
  Full model                                 8249.143                                                   1734                                                        16.817       24       0.856       −31.183                           
  Drop *r~g1~*                               8249.156                                                   1735                                                        16.830       25       0.888       −33.170       0.013       1       0.909
  Drop *r~c1~*                               8255.568                                                   1735                                                        23.242       25       0.563       −26.758       6.425       1       0.011
  Drop *r~e1~*                               8255.504                                                   1735                                                        23.178       25       0.567       −26.822       6.361       1       0.012
  Drop *r~g2~*                               8250.970                                                   1735                                                        18.644       25       0.814       −31.356       1.827       1       0.176
  Drop *r~c2~*                               8251.802                                                   1735                                                        19.476       25       0.774       −30.524       2.666       1       0.103
  Drop *r~e2~*                               8252.546                                                   1735                                                        20.220       25       0.735       −29.780       3.403       1       0.065
  Drop *r~g2~*+*r~c2~* + *r~e2~*             8292.624                                                   1737                                                        60.298       27       0.000       6.298         43.481      3       0.000
  Drop *r~g3~*                               8255.247                                                   1735                                                        22.921       25       0.582       −27.079       6.104       1       0.013
  Drop *r~c3~*                               8249.956                                                   1735                                                        17.630       25       0.858       −32.370       0.814       1       0.367
  Drop *r~e3~*                               8249.144                                                   1735                                                        16.818       25       0.888       −33.182       0.001       1       0.975
  **Drop *r~g1~*+*r~g2~*+*r~c3~*+*r~e3~***   **8251.694**                                               **1738**                                                    **19.368**   **28**   **0.886**   **−36.632**   **2.551**   **4**   **0.636**

*-2LL, log-likelihood statistic; df, degree of freedom; χ ^2^, chi-square fit statistic = -2LL difference between a model and the saturated model; Δdf~1~, degree of freedom difference between a model and the saturated model; AIC, Akaike\'s information criterion; Δχ^2^, chi-square difference between a reduced model and the full model; Δdf~2~, degree of freedom difference between a reduced model and the full model. The best-fitting model is indicated in bold*.

*Overall fit of the model is determined by the difference in -2LL of each model and that of the saturated model*.

*Relative fit of the model is determined by the χ ^2^ difference (Δχ^2^) between the full model and each reduced model*.

Estimates of genetic and environmental variances and correlations from the best-fitting models are presented in Table [4](#T4){ref-type="table"}. Almost half of the variance (49%) in PA was influenced by shared environmental factors and the remaining variance was due to modest genetic (23%) and non-shared environmental (28%) factors. For both prosocial behaviors and internalizing problems, genetic effects played greater role accounting for over 40% of the variances in each. Shared environmental effects explained 20% and 31%, and non-shared environmental effects explained 32% and 25% of the variances in prosocial behaviors and internalizing problems, respectively.

###### 

**Estimates (95% CI) from the best-fitting model**.

  **Variance**                                   ***h*^2^**             ***c*^2^**             ***e*^2^**
  ---------------------------------------------- ---------------------- ---------------------- ----------------------
  Positive affect                                0.23 (0.02, 0.45)      0.49 (0.29, 0.65)      0.28 (0.22, 0.37)
  Prosocial behaviors                            0.47 (0.21, 0.66)      0.20 (0.05, 0.42)      0.32 (0.25, 0.42)
  Internalizing problems                         0.44 (0.23, 0.68)      0.31 (0.09, 0.49)      0.25 (0.19, 0.33)
  **Covariance**                                 ***r~g~***             ***r~c~***             ***r~e~***
  Positive affect---Prosocial behaviors          --                     0.75 (0.42, 1.00)      0.21 (0.07, 0.34)
  Positive affect---Internalizing problems       --                     −0.58 (−1.00, −0.33)   −0.22 (−0.35, −0.08)
  Prosocial behaviors---Internalizing problems   −0.36 (−0.64, −0.15)   --                     --

*h^2^, genetic variance; c^2^, shared environmental variance; e^2^, non-shared environmental variance. r~g~, r~c~, and r~e~ denote the genetic, shared environmental, and non-shared environmental correlations, respectively*.

Links between PA and both prosocial behaviors and internalizing problems were due to the environmental factors. The shared environmental correlation of 0.75 between PA and prosocial behaviors suggests that the shared environmental factors influencing the two phenotypes overlap substantially. These common shared environmental influences between PA and prosocial behaviors explained 78.8% of the phenotypic correlation (i.e., the phenotypic correlation between the two is largely due to shared environmental effects). In contrast, the correlation between shared environmental effects for PA and internalizing problems was more moderate (*r~c2~* = −0.58) and negative. Thus, shared environments that increase PA decrease internalizing problems, and vice versa. Again, these overlapping shared environmental factors largely explained the phenotypic association between PA and internalizing problems (i.e., 79.8%). Although more modest, the non-shared environmental correlations between PA and prosocial behaviors, and between PA and internalizing problems showed a similar pattern (i.e., positive between PA and prosocial behaviors, *r~e1~* = 0.21; and negative between PA and internalizing, *r~e2~* = −0.22). These overlapping non-shared environmental effects explained the remaining phenotypic covariance between PA and the other two variables (i.e., 21.2% between PA and prosocial behaviors, and 20.2% between PA and internalizing problems). Genetic factors contributed to only the association between prosocial behaviors and internalizing problems. The genetic correlation of −0.36 suggested a moderate genetic overlap across the two constructs; however, these common genetic effects exclusively explained the phenotypic correlation between the two domains.

Discussion {#s4}
==========

The current study finds clear evidence for the phenotypic associations between PA and prosocial behaviors, and between PA and internalizing problems, as well as for the environmental factors contributing to these associations. The shared and non-shared environmental covariations underlying the phenotypic covariations highlight the importance of the social contexts in which children are reared with their siblings as well as the social environments in which they encounter unique social experiences. Family-wide or unique experienced environments, both of which may foster children\'s PA, may effectively promote prosocial behaviors and eliminate internalizing problems. Therefore, interventions designed to improving prosocial behaviors and internalizing problems could utilize the environmental contexts supporting children\'s development of PA.

Positive affect and prosocial behaviors
---------------------------------------

Prior research has found that shared and non-shared environmental effects mediated the association between PA and helping (Volbrecht et al., [@B51]). The present study extends these findings to prosocial behavior more broadly defined (i.e., beyond helping), and thus supports the impact of environmental factors on general positive development of children. For young children, parenting behavior is a likely source of these environmental influences. Positive parenting, such as high maternal responsiveness, more parental induction and reasoning (i.e., parental practices providing explanations to the consequences of behaviors and fostering perspective taking in children), greater parental warmth and autonomy support, and parental modeling of prosocial behaviors could promote children\'s prosocial behaviors (Clark and Ladd, [@B8]; Eisenberg et al., [@B19]). Positive parenting also plays an important role in children\'s PA. Parents, who are more sensitive and responsive to infants\' needs, and display more positive affect toward to infants, tend to have infants with higher levels of PA (Volling et al., [@B52]; Kochanska et al., [@B36]). Moreover, maternal personality may influence children\'s development of PA (Goldsmith et al., [@B26]). For example, mothers\' openness is positively correlated with children\'s PA (Kochanska et al., [@B36]). Parents with higher levels of PA also have infants who express more positive emotions (Volling et al., [@B52]), but this could reflect genetic as well as shared environmental transmission. In addition to the impact on children\'s behaviors, parental personality influences positive parenting by moderating the effect of demographic risk. Parents with lower education and income levels and more children tend to have less positive parental behaviors, but this is only the case for parents who are less optimistic (Kochanska et al., [@B35]). Therefore, it is possible that parental personality could mediate the relation of positive parenting to children\'s positive behaviors.

Positive affect and internalizing problems
------------------------------------------

Prior research exploring the link between PA and internalizing problems has produced mixed results. PA has been found to be negatively associated with internalizing problems in middle childhood (Zhou et al., [@B58]), but not in toddlers (Putnam and Stifter, [@B48]), suggesting possible age effects. However, there were different conceptualizations of PA (frequency vs. intensity) across these studies thereby confounding age with the operationalization of PA. Our finding that toddlers who displayed PA more frequently tended to have less internalizing problems is consistent with research in middle childhood and adds clarity to the literature by suggesting that it is the frequency, not intensity, of PA is related to internalizing behaviors. Thus, different conceptualizations of PA may be differentially informative about other aspects of child behavior and are not necessarily interchangeable.

The current study also provides further evidence for the environmental etiology of the association between PA and internalizing problems. Again, parenting behaviors probably serve as an environmental source of the covariation between PA and internalizing problems. Highly-disciplined or overprotective parenting styles both could precede the development of internalizing problems (Duchesne et al., [@B14]; Kiel and Buss, [@B32]). Parental practice also plays a role in PA as discussed above, and therefore, parenting behaviors could mediate the association between PA and internalizing problems.

Genetic factors did not significantly contribute to the link between PA and internalizing problems. Lateral activation asymmetries (i.e., the left-sided prefrontal activation for positive emotions vs. the right-sided prefrontal activation for negative emotions) may explain this finding. From a dimensional perspective, internalizing problems might be considered as the temperamental extreme of the negative affect, and children with the high levels of negative affect are prone to internalizing problems including anxiety and depression (Klein et al., [@B33]). Associated with different hemispheres, positive and negativity affect might be regulated by different genetic factors influencing the two hemispheres. Future work is needed to test this assumption.

Prosocial behaviors and internalizing problems
----------------------------------------------

Interestingly, the environmental factors influencing prosocial behaviors and internalizing problems were not correlated although they both overlapped with those on PA. In other words, some of the environmental effects on PA impact prosocial behaviors but not internalizing problems and vice versa. This could be the case given that different environmental influences have different effects on each aspect of children\'s socio-emotional behaviors. For instance, parental encouragement of children\'s emotion labeling influences children\'s development of prosocial behaviors above and beyond the effects of both children\'s age and parents\' own emotion labeling and explanations on emotions during the interaction with children (Brownell et al., [@B2]). The amount of parental speech during the parent-child interaction when the child is 1-year-old predicts anxiety and mood disorders at age seven (Marwick et al., [@B41]). Accordingly, the quality or the content of parental speech could play a role in the development of prosocial behaviors, whereas the quantity of parental speech could influence the development of internalizing problems.

The genetic overlap between prosocial behaviors and internalizing problems is consistent with findings from molecular genetic research. The oxytocin receptor gene (*OXTR*) has been associated with both prosocial behaviors (Israel et al., [@B28]; Kogan et al., [@B37]) and internalizing problems (Costa et al., [@B10]). Oxytocin plays a role in both affiliation and emotion regulation (Donaldson and Young, [@B13]; Lee et al., [@B39]). Accordingly, it is possible that oxytocinergic system, where the *OXTR*-modulated oxytocin receptors express, is involved with both prosocial behaviors and internalizing problems. The genetic overlap between prosocial behaviors and internalizing problems has important implications for identifying other candidate genes. Future molecular genetics studies can target candidate genes for prosocial behaviors based on results of internalizing problems, and vice versa.

Limitations and conclusion
--------------------------

The current findings should be evaluated in the context of some limitations. As is the case with most research looking at links between PA and prosocial behavior and internalizing problems in young children, the current study relied on parent ratings to assess all behaviors. This raises the possibility of a positivity bias whereby parents may be inclined to rate their children more favorably (e.g., high on both PA and prosocial behaviors, and low on internalizing problems). If this were the case we would expect to find shared environmental covariation between all phenotypes. However, the association between prosocial behaviors and internalizing problems arises solely due to genetic factors. This finding is important as prosocial behaviors would be more socially desirable and prone to positivity biases since they assess kindness and sharing which parents might view as more a reflection of their parenting than their children\'s tendencies for smiling and laughter. This differential pattern of genetic and environmental associations across variables suggests that the shared environmental covariance between PA and internalizing problems is not simply due to a positivity bias. Nonetheless, future research that employs multiple informants or methods is needed. Additionally, quantitative behavioral genetic analyses estimate the magnitudes of genetic and environmental variances of, and covariances between constructs, but do not identify the specific genetic or environmental factors. Nonetheless, the current findings highlight avenues for future research (i.e., the substantial shared environmental correlations between PA and both prosocial behavior and internalizing problems suggest looking at family-wide environments would be fruitful). Finally, the contemporaneous nature of the current study does not permit an analysis for the direction of the effects between phenotypes. It is possible that there may be a bidirectional relation between PA and the other constructs. Therefore, longitudinal studies are needed to explore the direction of the effects in future.

In conclusion, the current study is the first examination of the mechanisms underlying the associations among PA, prosocial behaviors (indicated by a diverse group of behaviors), and internalizing problems. Environmental influences contribute to the relations of PA to prosocial behaviors and internalizing problems. The association between prosocial behaviors and internalizing problems is explained by the genetic overlap. Our findings have both research and clinical implications.
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